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The authors of ref. [1℄ introdue a new mean-eld (MF)
approah to the t-J model of strongly orrelated ele-
trons in terms of lattie spinons and doped arriers, by
onstruting an enlarged Hilbert spae with physial and
unphysial states. The purpose of this onstrution is
lear: to address the relaxation of the non-double o-
upany (NDO) onstraint for the lattie eletrons in a
ontrolled way. In this Comment, we show that the un-
physial states are not properly exluded and despite the
laimed good agreement of their results with experiment,
the onsisteny of their MF theory is unmotivated.
The original on-site 3d Hilbert spae of the t-J Hamil-
tonian restrited by the NDO onstraint inludes a lattie
eletron spin-up state, a lattie eletron spin down-state,
and a vaany state: Hphys := {| ↑〉, | ↓〉, |0〉}. In or-
der to reast suh a model in terms of the spinon and
Gutzwiller projeted dopon operators, the authors on-
sider instead the enlarged on-site Hilbert spae, Henl =
{| ↑, 0〉, | ↓, 0〉, | ↑, ↑〉, | ↑, ↓〉, | ↓, ↑〉, | ↓, ↓〉}. Here the
rst label denotes the up and down states of lattie
spins, whereas the seond orresponds to the three do-
pon on-site states, namely, the no dopon, spin-up and
spin-down dopon states. The physial spae Hphys an
then be identied with the 3d subspae Henlphys by the
following ovariant mapping, | ↑〉 → | ↑, 0〉, | ↓〉 → | ↓
, 0〉, |0〉 → 1√
2
(| ↑, ↓〉 − | ↓, ↑〉). The unphysial states
are {| ↑, ↑〉, | ↓, ↓〉, 1√
2
(| ↑, ↓〉 + | ↓, ↑〉)} = Henlunphys.
Under this mapping, |0〉〈↑ | → 1√
2
(| ↑, ↓〉 − | ↓, ↑〉)〈↑
, 0| = 1√
2
[
(1
2
+ Sz)d˜†↓ − S
−d˜†↑
]
=: c˜↑. Although ~S and
d˜σ = dσ(1 − d
†
−σd−σ), by denition, at in the whole
of Henl, mixing up physial and unphysial states, their
spei ombinations given by the c˜σ operators at, as
orretly stated in [1℄, only on Henlphys annihilating all
the unphysial states. This is beause the c˜σ operators
are by onstrution isomorphi to the Hubbard opera-
tors |0〉〈σ|, whih satisfy the NDO ondition. However,
the MF t− J Hamiltonian annot be written in terms of
c˜σ operators only and neessarily ats in H
enl
. In this
enlarged spae the NDO ompleteness relation given by
1
2
(| ↑, ↓〉 − | ↓, ↑〉)(〈↑, ↓ | − 〈↓, ↑ |) + | ↑ 0〉〈↑ 0| + | ↓ 0〉〈↓
0|=1 just beomes a onstraint. It must be imposed to
avoid mixing of physial and unphysial states. In terms
of the spinon and dopon operators this onstraint reads,
C = ~J2 − 3/4(1 − n) = 0. Here ~J = ~S + ~M is the total
spin on eah lattie site, and
~M = d˜†~σd˜ and n = d˜†d˜
are the loal dopon spin and number operators, respe-
tively. This means that the on-site total spin an either
be j = 0 or j = 1/2, exluding the unphysial states with
j = 1 [2℄.
This onstraint is missed in [1℄. In ontrast with
the exat representation given by their Eq.(2), the MF
Hamiltonian (3) mixes up both physial and unphysial
setors and the unphysial states ontribute to the MF
phase diagram. Contrary to the statement made in [3℄,
the operator onstraint Ci = 0 is not equivalent to the on-
site onditions ni ~Ji = 0 in the enlarged spae. As a on-
sequene, in ontrast with the average onstraint based
on the ompleteness relation, the onditions < ni ~Ji >= 0
do not disriminate between physial and unphysial
states, making their MF theory inonsistent [4℄. Note
nally that the unphysial states may aet the dopon
and spinon Green funtions even beyond the MF approx-
imation. For example, for any H = H(c˜†σ, c˜σ) one gets,
tr(d˜†↑(t)d˜↑) = tr(e
−itH d˜†↑e
itH d˜↑) = tr(d˜
†
↑(t)d˜↑)C=0 + 〈↑↑
|(e−itH d˜†↑e
itH d˜↑)| ↑↑〉 = tr(d˜
†
↑(t)d˜↑)C=0 + 〈↑, 0|e
−itH | ↑
, 0〉, demonstrating that the unphysial state | ↑, ↑〉 pro-
dues a non-trivial ontribution if not exluded by the
onstraint.
[1℄ T.C. Ribeiro and X.-G. Wen, Phys. Rev. Lett. 95, 057001
(2005).
[2℄ In the undoped ase (ni = 0) this onstraint redues to
the equation
~S2i = 3/4 whih is appropriate for the on-
ventional s = 1/2 Heisenberg model.
[3℄ T.C. Ribeiro and X.-G. Wen, Reply to this Comment.
[4℄ In the enlarged Hilbert spae the Ci operator is a proje-
tion matrix, Ci|H
enl
phys〉i = 0, Ci|H
enl
unphys〉i = 2. Beause
of this, the loal MF onstraint < Ci >= 0 still singles out
the physial subspae. In ontrast, the operators ni ~Ji mix
up the states in Henlunphys so that < ni ~Ji >=< ~Ji >= 0 for
the unphysial states | ↑↓〉i + | ↓↑〉i and | ↑↑〉i + e
iθi | ↓↓〉i.
Moreover, sine < ~Ji > 6= 0 in the ferromagneti ground
state of the U = ∞ Hubbard model (where the doubly o-
upied states are stritly prohibited), the vanishing of the
average magnitization laimed in [3℄ is a ondition neither
suient nor neessary for the NDO onstraint to hold (as
opposed to the requirement < Ci >= 0).
